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Abstract

According to many experts, the readiness of America's armed forces has
deteriorated throughout the 1990s. In the Air Force, the combat readiness of its fighter
aircraft has declined in varying degrees. One of the Air Force's indicators of combat
readiness for its aircraft, the mission capable rate, is a rate primarily used to identify the
percentage of aircraft that are able to perform their primary missions. From FY%4
through FY98, the aggregate Air Force aircraft total not mission capable rate for
maintenance (TNMCM) for all aircraft has steadily increased from 14 percent to 18.2
percent while total not mission capable rate for supply (TNMCS) increased from 5.5
percent in FY86 to 17.5 percent in FY00. The Air Force currently uses the
Funding/Availability Multi-Method Allocator for Spares (FAMMAS) forecasting model
to predict overall mission capable rates for each type of aircraft it has in its inventory.
While the FAMMAS model does an excellent job of predicting mission capable rates
based on funding data and other associated planning factors, it is does not explain the key
drivers that influence mission capable rates, which limits its effectiveness as a
management and decision-making tool. Recent studies have identified other variables,
such as manning and experience levels, retention, fix rates, operations tempo, spare parts
issues, and aircraft systems reliability and maintainability as being related to mission
capable rates. The research used these and other variables, using the F-16 and its support
structure as a representative example, to develop explanatory and predictive models that
provide more insightful forecasts. Results are obtained from analyzing over 600

variables and 10 years of quarterly data, from the Reliability and Maintainability

Xiv




Information System (REMIS), the Recoverable Consumption Items Requirements
System (D041), the Personnel Data System, and the Manpower Data System. This
research will help the Air Force make better readiness-based operational, funding, and

management decisions.
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FORECASTING READINESS:
USING REGRESSION TO PREDICT THE MISSION CAPABILITY OF

AIR FORCE F-16 FIGHTER AIRCRAFT

I. Introduction

Chapter Overview

This chapter begins with a discussion of two views prevalent in today’s Air Force
as they pertain to logistics management. From this discussion, a problem statement is
derived. Next, a brief background is presented on inventory reduction efforts the Air
Force has been executing since 1991. Following the background discussion, the scope of
the study is then established. The resulting research objective and research questions
follow. Finally, an overview of the remaining chapters is provided.

Background

According to many experts, the readiness of America’s armed forces has
deteriorated throughout the 1990s. Chairman of the House National Security Committee,
Rep. Floyd D. Spence, stated that the readiness of the armed forces has already been
jeopardized and that there is “a real danger of the Defense Department will return to the
hollow forces of the 1970s” (Williams, 1997). In the Air Force, the combat readiness of
its fighter aircraft has declined in varying degrees. One of the Air Force’s indicators of
combat readiness for its aircraft, the mission capable rate, is a rate primarily used to
identify the percentage of aircraft that are able to perform their primary missions. From
FY94 through FY98, the aggregate Air Force aircraft total not mission capable rate for

maintenance (TNMCM) for all aircraft has steadily increased from 14 percent to 18.2




percent while total not mission capable rate for supply TNMCS increased from 5.5
percent in FY86 to 17.5 percent in FY0O0 (Hallin, 1998 and Merry, 2000). The erosion of
mission capable rates still continues today and concern continues to mount. To illustrate
the level of concern, in a 5 January 2000 mémorandum to HQ USAF/IL, the Air Force
Chief of Staff, General Michael Ryan asked “what are the main causes for increasing
TNMCM rates over the last few years?” (Hall, 2000).

As just stated, mission capable rates are used by the Air Force as one of its
primary readiness indicators and serve as one of its indicators of logistics efficiency.
Currently, the Air Force uses the Funding/Availability Multi-Method Allocator for
Spares (FAMMAS) forecasting model to predict overall mission capable rates for each
mission design series (MDS) aircraft it has in its inventory. To make its predictions,
FAMMAS uses an exponential smoothing algorithm to predict overall mission capable
rates for each Air Force MDS. The model uses past, present and future spares funding
levels (reparable support division — buy and repair funding, initial spares funding and
system support {consumables} funding) and the last 3 years of historical total not mission
capable for supply (TNMCS) and total not mission capable for maintenance (TNMCM)
rates for the respective MDS (DRC, 1997). Each year, numerous operational and funding
decisions are made based, in part, on the predictions of this model.

While the FAMMAS model does an excellent job of predicting mission capable
rates for each MDS based on funding data and planning factors (inflation, carryover and
lead time), it is does not adequately consider additional variables that could impact
mission capable rates. Furthermore, the FAMMAS model does not incorporate any

logistics-related variables into its prediction computations of mission capable rates other




than historical TNMCM and TNMCS data that act as adjustment factors in the model.
Recent studies, such as Dynamics Research Corporation’s (DRC) NMCM Escalation and
Erosion of Mission Capable Rates Study, have identified several variables related to
mission capable rates. In particular, DRC identified maintenance manning and skill
levels, retention, break rates, fix rates, operations tempo, spare parts issues and reliability
and maintainability of aircraft systems among many other variables as being related to
mission capable rates (Humphrey, 1999). Another factor related to readiness and mission
capable rates is that of funding, particularly operations and maintenance (O&M) and
spare parts funding (Sherbo, 1998). While not an exhaustive list, a review of the
literature indicates that the maj 6rity of these variables can be grouped into one of the
following categories: personnel, environment, aircraft reliability and maintainability,
funding and operations.

Because FAMMAS does not incorporate any of these types of variables (other
than spares funding), the model cannot assess what the impact to mission capable rates
will be when changes in any one of these areas occurs. This shortcoming of the
FAMMAS model limits its effectiveness as a management and decision-making tool. It
is believed that by using correlation analysis to identify significant relationships among
the independent variables and mission capable rates and subsequently constructing a
multiple linear regression model based on the variables, more accurate and useful
forecasts can be made. If successful, the model may help the Air Force make better
operational, funding and management decisions. Additionally, for significant

relationships identified between the logistics variables and mission capable rates, further




analysis into their cause and effect relationships can be explored in an attempt to better

understand what the primary causes are so potential corrective actions can be initiated.

Problem Statement

The overall problem is the reduced readiness of Air Force combat aircraft. As
earlier stated, several studies performed both within and outside of the Air Force have
linked factors in the areas of reliability and maintainability, management, funding, and
personnel with the erosion of mission capable rates. Unfortunately, none of these efforts
have used all of these factors in the construction of a forecasting model to predict mission
capable rates. While the Air Force does have an effective forecasting tool (FAMMAS)
for predicting overall mission capable rates, FAMMAS lacks the sensitivity needed to
account for changes that take place with other related logistics variables of mission
capable rates.

It is this deficiency in forecasting capability that this thesis research attempts to
satisfy. With fewer resources available to the Air Force and the continued emphasis by
senior leadership to use resources more efficiently, the Air Force can not afford to
indiscriminately use its resources with little knowledge as to how their use will impact
mission needs and goals. As such, the Air Force needs to develop analytical tools to
identify the key variables to take into account when allocating its resources. These tools
will assist the Air Force in forecasting what results might arise from the allocation of its
resources in pursuit of mission needs and goals. The research problem in this thesis
project addresses the suitability of using correlation analysis to identify key variables

associated with mission capable rates throughout the 1990s. Additionally, it investigates




the use of multiple linear regression, using the key variables identified through
correlation analysis, to forecast mission capable rates and the combat readiness of Air

Force aircraft, specifically the combat readiness of the F-16C/D aircraft.

Research Objectives

The primary objectives of this research are to identify and demonstrate how
different variables in the Air Force have impacted F-16C/D aircraft readiness as related to
mission capable rates. Once those variables are identified, they will be used to develop a
forecasting model that can be used to predict mission capable rates so that better
operations and funding decisions can be made.

Investigative Questions

In order to meet the goals of the research, objective data must be collected and the

following research questions need to be addressed:
What changes have taken place since 1990 that have affected the five areas
(reliability and maintainability, aircraft and logistics operations, personnel,
funding and the environment) that are believed to influence mission capable
rates? '

What is the cost of lower mission capable rates to the Air Force?

Which variables are related to mission capable rates and what are the associated
relationships?

What model best predicts mission capable rates and how helpful are they in
demonstrating relationships among the variables and what is the result?

Data Sources and Analysis

Aircraft reliability and maintainability and operations data will be extracted from

the Air Force’s Reliability and Maintainability Information System (REMIS) for the




years 1990-2000. Other data pertaining to supply-related aircraft reliability issues and
maintenance operations will retrieved from the Recoverable Consumption Item
Requirements System (D041) while personnel data is gathered from the Personnel Data
System and the Headquartefs Air Force Manpower Data System. Once each data set is
obtained, it will be thoroughly analyzed so each can be used in the overall analysis.

Since the independent variables are measured rather than fixed by an intervention,
longitudinal correlational methods, more specifically regression, will be used to analyze
the data (Dooley, 1995). Regression is a mathematical predictive tool used to show a
mathematical relationship among a certain set of variables in order to provide a predictive
response. Multiple linear regression is used for analysis when higher order terms are
believed to be present or when combinations of more than one independent variable are
included (McClave, Benson, & Sincich, 1998). Since this study will include numerous
independent variables, multiple linear regression will be used to analyze the data to
develop a noncausal, mathematical association among the variables.

Population and Sampling Information

Specifically, this study will be used to analyze quarterly (fiscal) mission capable
rates for all Air Force F-16C/D aircraft from 1990-2000 to examine how they relate to the
independent variables of interest (Table 1). The F-16C/D aircraft was selected so that an
in-depth analysis could be conducted on a single aircraft type as opposed to conducting a
superficial analysis of multiple aircraft types. If the results of this analysis prove to be
meaningful, they could potentially be used to analyze other aircraft mission capable rates.

An initial review of the literature identified several independent variables

potentially related to mission capable rates were identified, as shown below. The




variables tended to fall into five areas: personnel, environment, aircraft reliability and

maintainability, funding and operations.

Table 1. Potential Variables Affecting Mission Capable Rates
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Overview of the Remaining Chapters

Chapter II begins with a discussion of Air Force readiness in terms of mission

capable rates and how it has changed from the 1970s to 2000. Chapter II also discusses

what mission capable rates measure and why they are important and goes on to discuss

the variables that affect mission capable rates (TNMCM and TNMCS variables as well as




other underlying factors). Next, a discussion of the models the Air Force uses to forecast
mission capable rates is conducted. The data needs, collection, and preparation are
presented in Chapter III. Additionally, regression analysis isvdiscussed both from an
explanatory and forecasting perspective. The regression models are then developed and
tested in Chapter IV. Finally, the results of the analysis and their implications as well as

recommendations for future research are discussed in Chapter V.




II. Literature Review
“From levels of training, to equipment availability to personnel resourcing, units
throughout the force are doing whatever they can to meet today’s operational
requirement — and barely getting by; however, high personnel and opefational
tempos have all by obscured the reality that the nation’s ability to deploy and
sustain large military forces during war has been placed in jeopardy, or in some
cases, has clearly been lost...the proof of readiness will not be determined by the
next peacekeeping mission, forest fire, or hurricaﬁe, but by how U.S. Army, Navy,
Air Force, and Marine Corps units perform in the next war.”
Rep. Floyd D. Spence, Chairman, House National Security Committee
(Readiness Pledge by Pentagon Prompts Challenge from Congressional
Leader, National Defense, 1997)

Logistical Readiness

Definition. To properly address the concept of readiness, it is essential that the
term be defined to establish the context to discuss the subject. Joint Publication 1-02,

DoD Dictionary of Military and Associated Terms, defines readiness as:

The ability of US military forces to fight and meet the demands of the
national military strategy. Readiness is the synthesis of two distinct but
interrelated levels: a. unit readiness--The ability to provide capabilities
required by the combatant commanders to execute their assigned
missions. This is derived from the ability of each unit to deliver the outputs
for which it was designed. b. joint readiness--The combatant commander’s
ability to integrate and synchronize ready combat and support forces to
execute his or her assigned missions (JP 1-02, 2000).

Unfortunately, for the purpose of this thesis, the DoD definition is too broad and a more

narrowly defined definition needs to be used in its place.




After reviewing several other definitions of readiness, Colonel Walter L. Siep’s
definition of readiness, specifically logistical readiness, provided the best definition.

Colonel Siep defines logistical readiness in the following manner:

...the ability of forces, units, weapons systems, or material to carry out the
movement, services, or maintenance planned for them or to deliver the
outputs for which they were designed (Siep, 1994).

His definition encompasses the four categories of readiness the Department of Defense
measures to evaluate its overall readiness position. These four categories consist of
personnel, equipment and supplies on hand, equipment condition and training (CJCSM
3150.02, 2000). For this thesis, Colonel Siep’s definition of logistical readiness will
serve as the baseline definition; however, the readiness categories of personnel and
training will be combined into one and funding will be added as a new category.
Measuring Readiness. Several laws require the Department of Defense to
measure its readiness. The Goldwater-Nichols DoD Reorganization Act of 1986 and
Title 10, Section 482 of the United States Code are two of the main legislative directives
that impose this requirement upon the DoD. The Goldwater-Nichols Act calls for the
establishment and maintenance of a system to measure the preparedness of each unified
and specified command to carry out its designated missions (USC, 2000a). Section 153
of Title 10 requires the DoD to provide quarterly reports that describe ...each readiness
problem and deficiency identified and the key indicators and other relevant information

related to each (USC, 2000Db).

The system the Department of Defense uses to gather the information it needs

from each of the services to assess its readiness is the Global Status of Resources and
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Training System (GSORTS). The operational units of each service determine their
category level (C-level) rating, the degree to which a unit meets standards (Table 2),
within each of the aforementioned categories as well as an overall C-level rating. The
individual services may use their own reporting systems to gather information for their
own units and report it to GSORTS or input it directly into the system (CJCSM 3150.02,
2000). One of the key systems the Air Force obtains data from to develop its inputs for
GSORTS is the Reliability Maintainability Information System (REMIS) (AFPD 21-1,
1993; AFI 21-103, 1998) which will be discussed in more detail in Chapter III. The Air
Force uses this system to provide GSORTS with mission ‘capable rate data for all of its
aircraft as one indicator of the readiness of its forces. Furthermore, the Air Force uses a

wide variety of data from this system as an internal measure of its overall readiness.
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Table 2. C-Level Definitions of Readiness (CJCSM 3150.02, 2000)

Category

Level Definition

b

The unit possesses the required resources and is trained to undertake the full
wartime mission(s) for which it is organized or designed. The resource and

C-1 training area status does not limit flexibility in methods for mission
accomplishment nor increase vulnerability of unit personnel and equipment. The

The unit possesses the required resources and is trained to undertake most of the -
wartime mission(s) for which it is organized or designed. The unit’s resource

and training condition may cause isolated decreases in the flexibility of choices
for mission accomplishment. However, it will not increase the vulnerability of
the unit under most envisioned operational scenarios. The unit would require

C-2

The unit possesses the required resources and is trained to undertake many, but

not all, portions of the wartime mission(s) for which it is organized or designed.

The resource and training area status will result in significant decreases in

flexibility for mission accomplishment and will increase vulnerability of unit

under many, but not all, envisioned operational scenarios. Unit would require
significant compensation for deficiencies.

The unit requires additional resources or training to undertake its wartime
C-4 mission(s), but it may be directed to undertake portions of its wartime mission(s) |
with resources on hand.

The unit is undergoing a Service-directed resource action and is not prepared, at
C-5 this time, to undertake the wartime mission(s) for which it is organized or
designed.

Now that readiness has been defined, the armed forces need to know what to be
ready for. The bottom-up review and our nation’s defense plans spell out the primary
mission of our armed forces, which is to fight and win two near simultaneous major
regional conflicts (MRC). In addition to the two MRC scenario, there are the implied
missions that require the armed forces to meet unexpected threats in the future and

support a wide variety of military operations other than war (MOOTW).
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Readiness Through the Years

Air Force readiness has existed at different levels over the last three decades. To
gain an overall understanding of how readiness has evolved over this period of time and
the role the categories played; the categories used to measure readiness (personnel and
training, equipment condition, supplies and equipment on hand énd funding) will be
examined over three distinct periods of time — the 1970s, 1980s and the 1990s.

The Hollow Force — The 1970s. In 1980, Army Chief of Staff General Edward
C. Meyer coined the phrase “hollow force” as a term to describe the dismal state of the
armed forces. General Meyer stated ...the combination of people, material and
sustainability aspects caused him to say we had a hollow Army at the time... he went on
to say that ...it turns out we had hollowness in all the services (Tirpak, 1994). The
beginning of the 1970s saw the United States withdrawing its forces from Vietnam and
by 1974; it had just experienced its first year without armed conflict. During this period,
many experts considered the U.S. military to be deficient and lacking a robust ability to
fight or dissuade war. All levels of command were uncertain as to whether the United
States was prepared to fight the Soviet Union or anyone else. In the Air Force, the
primary indicators of its “hollowness” were a lack of spare parts, insufficient flying hours
and poor morale. Furthermore, the continuous departure of highly skilled personnel and
the inability to attract high quality recruits compounded the problem further (Cuda, 1994;
Tirpak, 1994 and Grier, 1998).

One area that was significantly impacted by the “hollowness” of the 1970s was
the readiness of combat aircraft. Mission capable rates, a rate that represents the percent

of time an aircraft/system is partially or fully capable of performing its designated
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mission, of fighter aircraft declined sharply. Aircraft are judged to be not mission
capable (NMC) on the basis of maintenance needing to be completed, a lack of spare
parts or a combination of both (DoD 3110.5, 1990). The components of NMC time are

defined in ACCI 21-118, Logistics Quality Performance Measures Reporting Procedures,

in the following manner:

Total Not Mission Capable Maintenance (TNMCM) Rate — The percent of
time that an aircraft/system is not mission capable due to maintenance
(NMCM) plus not mission capable for both maintenance and supply
(NMCB,).

Total Not Mission Capable Supply (TNMCS) Rate — The percent of time
that an aircraft/system is not mission capable due to supply (NMCS) plus
not mission capable for both maintenance and supply (NMCB).

Each percent of TNMCM and TNMCS is subtracted from a fully mission capable
rate of 100 percent to arrive at an overall mission capable rate for the system being
evaluated. Prior to 1981, only overall NMC rates were tracked; however, after 1981, the
NMC rate measurement was broken out into TNMCM and TNMCS (and by default,
NMCB) to refine the measurement (Merry, 2000a).

As shown in Figure 1, mission capable rates for operational fighters sharply
declined during the 1970s. This plunge in mission capable rates (1971-1978) was known
as the Slippery Slope and was a time when maintenance personnel struggled to support
flying schedules and cannibalized aircraft were plentiful (Bell, 2000a). Personnel
reductions and a poorly skilled workforce are often cited as the major factors closely
associated with the decline as well as a lack of test equipment, dwindling spare parts
stocks, the decreased reliability of older weapons systems and the technological

complexities associated with the activation of new weapons systems such as the F-15, F-

14




16 and A-10. Each of these factors played a role in delaying the return of aircraft to fully

mission capable status after breaking (Cuda, 1994).
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Figure 1. Mission Capable Trends (Merry, 2000)

TNMCS / TNMCM Rate

Another reason for decreased mission capable rates that serves as a common

denominator for many of the other reasons is the level of financial resources made

available to the Air Force to conduct its operations and purchase the resources it needs.

From 1970 to 1979, total obligation authority for the Air Force was reduced 28.2 percent

(from $112B to $80.6B) as measured in constant 2001 dollars. Additionally, funding for

both operations and maintenance (O&M) and procurement funding fell 24.9 percent

(DoD, 2000) (Figure 2).
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Figure 2. O&M and Procurement Total Obligation Authority (DoD, 2000)

During this period, personnel levels decreased dramatically. In 1970, Air Force
personnel levels stood at approximately 791,000 active duty personnel and was plagued
by defeated, demoralized, drug ridden personnel consisting of numerous high school
dropouts and Category IVs that were deserting, going AWOL and being court-martialed
(Record, 1995). Throughout the 1970s, the number of Air Force personnel was sharply
reduced until the number of active duty members stood at roughly 558,000 in 1980 (DoD,
2000). Although the force reduction of the 1970s was relatively painless due to the high
percentage of draftees and undesirable personnel leaving the service, the end of the 1970s
saw competition from the private sector in the form of higher pay and more opportunities
affecting the Air Force’s ability to retain its higher quality personnel. Moreover, the

failure of the DoD to match private sector pay, resulting in a “pay gap” that approached
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14 percent, contributed to second term reenlistment rates dropping from 75 percent in
1974 to a low of 60 percent in 1979 {Cuda, 1994). Since second term airmen represent
the bulk of the Air Force’s most technically proficient segment of its workforce,
readiness in other areas declined as well.

While it was in the midst of transitioning to more technologically complex
weapons systems designed to replace its fleet of aging Korean and Vietnam War era
systems, the Air Force lost a significant number of its experienced personnel. This
transition coupled with the personnel problems and other reasons previously listed, as
well as its funding posture throughout the 1970s, had a substantial negative effect upon
the mission capable rates of Air Force fighter aircraft and its readiness.

Re-Arming — The 1980s. This era was completely the converse of the one it
followed. From a defense standpoint, the United States was primarily focused on one
adversary — the Soviet Union — and geared much of its effort at countering the threat the
Soviets presented. The United States realized it needed a military capable of countering
the Soviet threat and proceeded to rebuild its military forces from the hollow forces of the
1970s.

The 1980s was an era of substantial resources, new equipment and demanding
training standards. At the beginning of the 1980s, mission capable rates hovered at
approximately 65 percent, but as the decade progressed, mission capable rates improved
dramatically (Figure 1). The new, modern weapons systems introduced in the late 1970s
were almdst fully deployed throughout the Air Force in the early 1980s. This infusion of
new, more reliable aircraft coupled with the retirement of many of the older systems, in

conjunction with other factors, helped create a sharp upward trend in mission capable

17




rates that reached levels up to 85 percent or more for some systems where they remained
for the remainder of the decade (Humphrey, 1999).

One primary reason mission capable rates reached and remained at such high
levels was the amount of funding the Air Force received during this period of time.
President Ronald Reagan was elected based in part on his stated commitment to restore
the status of the military and counter the Soviet threat (Noonan, 2000). To achieve the
promises he made, President Reagan worked with the Congress to achieve tremendous
increases in the Department of Defense’s budget. Using the constant 2001 dollars, the
Air Force’s total obligation authority rose 12.6 percent in 1981 ($84B to $94.5B) and
increased another 14 percent (to $108B) in 1982. Over the span of the decade, operations
and maintenance funding increased over 37 percent ($27B to $34.75B) while
procurement funding increased by 31 percent ($29.18B to $38.24B). However, even with
this overall growth in funding, the defense budget began to steadily decline starting in
1986 when it fell 4.6 percent (Figure 2) (DoD, 2000).

With the introduction of new aircraft and the increased amount of funding
available, the Air Force had more reliable aircraft and was able to purchase vast
quantities of spare parts (Bell, 2000a). Additionally, in 1985, the DoD maintained a
policy that required each service to retain all serviceable and economically repairable
items that could be used on actively operated weapons systems (OSD, 1991). The
funding increases and spare parts retention policy led to huge inventories of spare parts
for repairing Air Force aircraft, resulting in a continual decline in TNMCS rates

throughout the 1980s that can be seen in Figure 1.
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During this time, the number of personnél on active duty increased significantly.
The number of Air Force active duty personnel rose from 558,000 to 608,000 from 1980-
1986 before the personnel drawdown of the late 80s and early 90s took place.
Eventually, portion of the drawdown that occurred in the 1980s reduced the active duty
force to 539,000 by 1990 (DoD, 2000). Although the average annual number of active
duty Air Forée personnel in the 1980s was less than that of the 1970s, the quality of the
individuals was much better. The Air Force’s émphasis was to recruit and retain the
highest quality individuals possible. By 1983, almost 100 percent of new Air Force
recruits held a high school diploma (or its equivalent) and the number of category IV
recruits (those determined to be of low trainability based on their Armed Forces
Qualification Test) accepted by the Air Force was substantially reduced (Cuda, 1994).
The Air Force was able to attract these high quality recruits by offering improved pay,
from substantial raises in military pay, and job security to protect the recruits from the
increased unemployment levels (Asch et al., 1999). With better quality recruits, the Air
Force was able to develop a workforce that possessed the technical skills and intelligence
to sustain the high mission capable rates it was achieving. One indication of the
relationships among personnel, training and mission capable rates was the reduction in
TNMCM rates that occurred. The reduction is indicative of the effect a better manned
and better-trained aircraft maintenance workforce can have on mission capable rates
(Merry, 2000). Figure 1 appears to support this assertion as TNMCM rates continually
declined throughout the 1980s.

Improved funding levels, full fielding of new weapons systems such as the F-15

and F-16, increased availability of spare parts and the increased quantity and quality of
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personnel of the 1980s helped the Air Force recover from the readiness decline it suffered
through in the 1970s. All of these factors, among many others, led to some of the highest
readiness levels the Air Force had experienced during since its inception in 1947. In
1986, fiscal reality set in and the United States began to draw down its forces and reduce
defense spending. However, even through the portion of the drawdown that occurred
during the late 1980s, the Air Force was able to maintain and even improve the high
readiness levels it had achieved. By the end of the decade, the level of readiness
achieved by the DoD and the Air Force played a key role in ending the Cold War and the
collapse of the Soviet Union. Faced with fiscal reality and its primary threat dispatched,
the United States began to drawdown its forces and reduce defense spending at a faster
pace.

Time of Change — The 1990s and Beyond. Readiness in the 1990s proved to be
a combination of both the 1970s and 1980s levels. Like the 1970s, it opened up with
reductions in both personnel and funding levels that began in the previous decade; yet, it
experienced extremely high readiness levels such as those of the 1980s. Although
personnel and funding levels were dropping, the large inventories of spare parts and
equipment, more reliable aircraft and a force composed of high quality personnel from
the 1980s were still in place, keeping readiness levels at all time highs. Unfortunately,
the signs of decreasing readiness were becoming apparent (Figure 1).

As early as 1994, it was apparent that these changes in the defense environment
were affecting readiness. In August 1994, the Defense Science Board’s Task Force on
Readiness, created as an early warning system to detect trouble with readiness to keep the

United States military from reverting to a hollow force, reported that readiness of US
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forces was acceptable in most areas. However, it also reported that pockets of
unreadiness had appeared and were probably associated with the drawdown of forces and
that they needed to be monitored closely or US forces could lapse into a hollow force.
The report listed one of the signs of the services deteriorating readiness was a growing
maintenance backlog caused by unscheduled OPSTEMPO, availability of spare parts and
the availability of properly trained maintenance personnel (DSB, 1994). In the Air
Force, mission capable rates for its aircraft were beginning to slip. According to
Lieutenant General Thad A. Wolfe, Vice Commander of Air Combat Command (ACC),
its mission capable rates for the F-16 declined from 85 percent in 1991 to 79.5 percent in
1994 (Maze, 1994).

With the demise of the United States’ primary threat over the last 40 years and
other domestic and international changes, the U.S. military began its transformation from
a large overseas garrison force to a smaller CONUS -based, mobility-centered force.
These changes in the Air Force’s operating environment (among others) resulted in a
tremendous increase in the number of deployments for the Air Force and the rest of the
services, primarily in support of military operations other than war (MOOTW). During
the 1980s, the U.S. military was deployed 16 times as compared to the 50-plus times it
was deployed in the 1990s (Lehman and Sicherman, 1997). In a March speech to the Air
Force Academy’s class of 2000, Secretary of the Air Force F. Whitten Peters stated the
root of the Air Force’s problems were rooted in the unparalleled increase in peacekeeping
and other missions abroad. "This was ad hocism at its worst, and we have paid a
tremendous price," he said (Diedrich, 2000). In another speech about readiness and

increased commitments, General Ryan said, “We went to the Gulf War and didn’t come
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back...and we went to the Balkans in Operation Deliberate Force and then a bigger
operation and ended up with 21 overseas locations versus the dozen that had been
funded” (AFPN, 2000). The number of deployments the Air Force aircraft participated
throughout most of the 1990s can be seen in Figure 3 and the number of people deployed

since 1989 is shown in Figure 4.
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Figure 3. Number of Aircraft Deployed Throughout the 1990s (Merry, 2000b)
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At the onset of the 1990s, mission capable rates for Air Force aircraft were at all
time highs but began to decline as the decade progressed. Since 1991, the overall
mission capable rate has declined nearly ten percent from 83.4 percent to 73.7 percent at
the end of 1999. Fighter mission capable rate drops averaged 10 percent while strategic
airlift and bombers dropped 6.2 and 2.3 percent respectively (Hunter, 1999 and AFA,
1999). There are many reasons behind the Air Force’s falling mission capable rates. On
March 10 1999, Chief of Staff of the Air Force, General Michael Ryan and Secretary
Peters, testified before a House appropriations subcommittee of defense that Air Force
readiness had declined in recent years and that high operations tempo, aging equipment

and years of under funding equipment and parts were the cause. They went on to say that
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the problems in each of these areas (as well as retirement and low pay) had also
contributed to the Air Force’s personnel retention problems (Jordan, 1999).

The 1990s saw the reliability of many of the Air Force’s aircraft begin to falter
(Figure 5). For example, the F-15E, which achieved a mission capable rate of 88 percent
in 1991, saw its mission capable rate drop to 76.1 percent by 1998 (Dorr, 1999).
Although the average age of Air Force aircraft and OPSTEMPO increased during this
period, the break rate, which measures the number of aircraft that land from a sortie with
a code 3 grounding condition, for most aircraft remained fairly steady. However,
increases in preventative maintenance and more “hard” breaks that took longer to repair

helped drive up both TNMCM and TNMCS hours (Humphrey, 1999).
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Changes in the defense environment also prompted changes in the level of
funding provided to the DoD. With the United States’ “victory” in the Cold War, the
President and Congress looked to the DoD for the “peace dividend.” Collecting the
dividend came in the form of reduced DoD budgets. Although funding levels had been
dropping since 1986, total obligation authority for the Air Force dropped significantly in
1990 and was reduced by an average of 6.38 percent per year from 1990-2000.
Operations and maintenance total obligation authority fell over 20 percent from 1990 to
2000 (from $34.3B to $27.3B). Reductions in procurement, which includes support
equipment, initial and replenishment spares as well as repair parts, were even worse.
Total obligation authority fell 48 percent during the same period of time (from $36.3B to
$18.9B) (Figure 2)(DoD, 2000). The reduction in procurement, coupled with Defense
Management Report Decisions pertaining to the management and maintenance of spare
parts inventory levels, had a significant impact upon aircraft mission capable rates. Ina
speech to the Air Force Association’s Air Warfare Symposium, General Ryan stated, “we
didn’t realize how very small changes in funding, equipage and spare parts could affect
the readiness of the total force” (AFPN, 2000). Even more recently, Lt Col Tom
Meredith, the Supply Management Activity Group Chief in the Air Force Aircraft and
Missile Support Division at the Pentagon, stated ...constrained spare parts funding
combined with an unusually high operations tempo and an aging fleet directly
contributed to an increase in non-mission capable rates (Bosker, 2000).

Contributing to the Air Force’s readiness decline in the 1990s were the changes
taking place in its force structure. With the exception of the Reagan buildup of the

1980s, the Air Force has been continually downsizing its personnel levels (Figure 6). In
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the 1990s, shrinking defense budgets, changes in the defense environment and the Air
Force’s transformation to a highly mobile and deployable force required it to reduce its
personnel levels even further. With an all-volunteer force in place, personnel reduction
was much more difficult as compared to the reduction that took place in the 1970s. So in

1986, the Air Force implemented several methods to help it reduce its numbers.
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Figure 6. USAF Personnel Levels Since 1947 (AF, 2000)

Beginning in 1986, the Air Force implemented two different passive force
reduction policy changes to reduce its size. First, it reduced its accession levels by
slowing the recruitment of new members, which helped reduce personnel levels at the
time but had future implications in the areas of experience, pay-grade and occupational
mix. For the personnel already on active duty, entry into the career force was limited.
Officers’ opportunities for regular augmentation dropped from three to one and enlisted

personnel not promoted to E-5 by their tenth year of service were forced to separate
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whereas before, promotion to E-4 could allow a member to stay on active duty 20 years
(Martin, 1999)

In the 1990s, the Air Force took a more aggressive approach to reducing its
personnel levels, using several new force shaping tools made available to it by Congress.
In 1993, Congress authorized two new programs for the services to use to reduce
personnel levels. Both the Voluntary Separation Incentive and the Special Separation
Benefit paid members to voluntarily leave the service. By the end of FY 1996, the Air
Force paid 6,000 officers and almost 35,000 members to separate early. To reduce the
retirement eligible portion of the officer corps, the Air Force implemented Selective
Early Retirement Boards, separating over 4,000 officers since 1991. For the enlisted
force, the high year of tenure ceilings were reduced for four enlisted grades, forcing many
enlisted personnel to retire earlier than planned. The Air Force also used the Temporary
Early Retirement Authority given by Congress to the services, allowing members with
over 15 years of active service to retire early. By the end of 1996, over 16,000 personnel
elected to retire using this program. Finally, when there weren’t enough officer
volunteers for separation, the Air Force used one Reduction in Force board to
involuntarily separate officers from the service, driving over 1,500 officers out of the
active duty ranks (Martin, 1999). |

From 1986 to 1997, the Air Force met its personnel reduction goals, reducing the
active force by 36% (from 871,000 to 558,000) with plans to reduce the force to 491,000
by 2003. Although the Air Force met its force shaping goals, achieving them did not

come without a price.
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In his testimony to Congress, Lieutenant General Billy Boles, former Deputy
Chief of Staff, Personnel, said, “...the RIF and SERB have done more damage to morale
and injected more uncertainty into the force than any other personnel action I've
encountered in more than 32 years of active military service” (Martin, 1999). For
numerous reasons, between 1994 and 2000, Air Force retention has dropped below its
established goals (Figure 7). Since 1995, Air Combat Command’s manning (categorized
by skill level) and retention levels, with the exception of 3-level manning, have decreased

substantially as well (Figure 8).
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Figure 7. Air Force Retention Trends (ACC, 2000a)
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Figure 8. Air Combat Command Retention and Manning Levels (ACC, 2000a)

Aircraft maintenance manning levels have not gone unscathed either. In Air

Combat Command, data from the last 4 years tells the same story. Overall enlisted

manning levels in the primary aircraft maintenance areas, crew chiefs, avionics,

munitions, structures, engines and aircraft systems, have declined, reducing the pool of

experienced technicians in each area (Figure 9). According to the Brigadier General

Wetekam’s Expeditionary Aircraft Maintenance briefing at ACC’s 2000 Senior Leaders

Maintenance Course, the continued shortfall in personnel could jeopardize the execution

of the annual flying program and could cause ACC to fall short of meeting the CINC’s

requirements in a two major theater war scenario (Wetekam, 2000).
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Figure 9. ACC Maintenance Personnel Manning Levels (ACC, 2000b)

Recall that one of the anticipated outcomes from the end of the Cold War was the

peace dividend that would be realized from reduced defense spending; consequently,

funding levels for all the services throughout the 1990s, including the Air Force, were

slashed. In addition to reduced funding, part of this dividend was to be obtained from

savings achieved through inventory reductions. Defense Management Report Decision

(DMRD) 987 was implemented to achieve further savings by reducing the DoD’s $110B

spare parts inventory. The policy called for each service to dispose of inactive inventory

items while reducing future spare parts buys. The Office of the Secretary of Defense

(OSD) developed service-specific inventory reduction goals under the premise that

reductions in inventory should be proportional to reduction in force structure. When the
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services failed to meet established inventory reduction goals, the OSD cut their spare
parts budgets (OSD, 1991).

In the Air Force, inventory reduction cost savings goals for FY92-97 from DMRD
987 were anticipated to reach $37.96B. To achieve these cost savings, the Air Force
implemented the PACER TRIM and PACER REDUCE inventory reduction programs.
Through these two programs, the Air Force reduced or terminated contracts for obsolete
reparable items and equipment, created flexible contracting arrangements to
accommodate changing requirements and disposed of unserviceable inventory (AFLC,
1990; Mattern, 1997). By the end of 1997, these two programs achieved cost savings of
over $19B and eliminated over 900,000 reparable items from its inventory (Hutson,
1999).

Unfortunately, even as the size of the Air Force was reduced, its OPSTEMPO
increased tremendously. The impact of increased OPSTEMPO combined with inventory
reduction initiatives (both inventory reduction and reduced spares funding) became quite
apparent as the 1990s progressed. One area where it was very visible was that of aircraft
mission capable rates. From 1990-2000, the overall TNMCS rate for ACC’s operational
fighters increased over 100 percent from 6.1 percent to 13.1 percent (Figure 10) (Merry,
2000b). This increase serves as an indication that aircraft maintenance personnel lack the
spare parts they need to keep aircraft flying which leads to increased cannibalizations of
parts from one aircraft to repair another which doubles the maintenance workload
(Bosker, 2000). Furthermore, increases in parts cannibalizations increase the probability
that parts will be broken when removed from one aircraft and placed in another which

could increase the demand placed on the supply system for parts (Matthews, 1998).
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Today, Air Force readiness is still on the razor’s edge. Representative Floyd
Spence’s opening comments during the September 27, 2000 Hearing on Readiness and

Service Budgets spoke of Air Force readiness in the following manner:

The Air Force is also experiencing readiness difficulties across the board.
This past April, the Air Force experienced its lowest readiness levels in
fifteen years, with only 67 percent of its combat units reporting C-1 or C-
2, the highest readiness ratings. Although spare parts and personnel

shortages continue, the Department’s latest Quarterly Readiness Report
noted that the Air Force is "beginning to arrest the declining trend in
aircraft mission capable rates."(Spence, 2000)

During his testimony, General Ryan stated, “Air Force readiness has not turned
around...at best the increased funding from the administration and Congress have

leveled off the decline.” As his testimony progressed, General Ryan explained that the
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current OPSTEMPO, past under funding of spare parts, an aging aircraft fleet and a less
experienced workforce coupled with low retention were significant contributing factors to
the continued readiness decline (Ryan, 2000). These comments, among many others
reviewed in the literature, make it very apparent that readiness will be an important issue

for years to come.

Mission Capable Rates

Importance, Purpose and Cost. Aircraft mission capable rates, as reported
through Air Force logistics status reporting, provide both the Air Force and our nation’s
leadership an indication as to the readiness of Air Force aircraft to perform their
missions. According to Air Force Instruction 21-103, Equipment, Inventory and Status
and Utilization Reporting, mission capable rates are used for the following purposes:

1. Compute the official Air Force inventory.

2. Build the Air Force programming documents and their related budget
and staffing requirements.

3. Produce statistical analysis for congressional committees, the Office
of Management and Budget, and the Department of Defense.

4. Establish mission capability (MC) goals. These goals enable HQ
USAF to assess resource allocation funding on a quarterly basis. The
MC-rate goals and plans also go into the yearly DoD Materiel
Readiness Report to Congress.

Since this data is used to develop and justify Air Force plans, programs and budgets, it is
critical that timely and accurate reporting of the data occur since failure to do so could
result in the Air Force losing funding, manpower authorizations and supplies.

These rates are readiness indicators that are directly proportional to the amount of

time an aircraft is not mission capable (NMC) because of a lack of spare parts (TNMCS)
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or because maintenance needs to be completed to make the aircraft available (TNMCM).
For a fleet of 10 aircraft, a mission capable rate of 70 percent normally indicates that
seven of the 10 aircraft are available to perform their mission while the remaining three
aircraft are unavailable either due to a lack of spare parts or because maintenance still
needs to be completed or both (Grier, 1994; Ryan, 2000; ACCI 21-118, 1993). While
achieving a 100 percent mission capable rate is possible, it is not a cost-effective course
of action to undertake.

As with any piece of equipment not available for use, there are various costs
related to its unavailability such as in the case of an NMC aircraft. Not only are these
costs are hard to identify; they are extremely difficult to measure. Furthermore, in the
case of NMC aircraft, many of these costs are interconnected with the others and appear
primarily as lost opportunity costs (i.e. the cost of lost training opportunities). According
to Admiral James Loy, Commandant of the Coast Guard, “...operational tempo, parts
and personnel problems feed off each other” (Loy, 2000). Inadequate quantities of the
right mix of spare parts typically leads to increased cannibalizations of needed parts from
other aircraft. Cannibalizing parts from one aircraft to support another doubles the
amount of maintenance manhours required to return an aircraft to mission capable status,
eventually transforming parts shortages in personnel problems. Cannibalization of the
part could result in the part being damaged during removal or installation, rendering it
useless and leaving the aircraft NMC, possibly resulting in canceled sorties.
Additionally, the increased workload placed on the technicians cannibalizing the part

might result in lost training opportunities for themselves or to train others, increased
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stress both on themselves and family members and decreased productivity for the unit
(Loy, 2000).

So what costs to the Air Force are associated with this example? Lack of aircraft
availability due to spare parts and maintenance problems has led command officials to try
and persuade regional CINCs to do without some Air Force assets or to look to other
units that can fly real-world missions in their place. Actions such as these usually
increase the OPSTEMPO for the other units (Bird, 1997). Lack of mission capable
aircraft also leads to reduced training opportunities for aircrews resulting in degradation
of their skills. In 1999, Major General Glen Moorehead, the commander of the Air
Warfare Center at Nellis AFB, told a House Armed Services subcommittee that 15
percent of the Air Force Weapons School’s sorties were canceled in 1998 for lack of
spare parts and that a lack of trained pilots forced the 20™ Fighter Wing from Shaw AFB
to cancel its participation in the February 1998 Red Flag training exercise. He also
testified that weapons testing programs had to be restructured because of broken test
aircraft and insufficient manning levels (Palmer, 1999; Naylor, 1999). Conditions and
situations such as these have affected pilot retention and have kept the Air Force from
completely executing its annual flying hour programs (Figure 11). According to Senator
James Inhofe, many aviators leaving the Air Force have cited concerns about reduced
training, poor maintenance, lack of spare parts and excessive cannibalizations as reasons

for their departure (Kreisher, 1999).
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Figure 11. ACC/TAC Flying Hour Program Execution (Wetekam, 2000)

The costs aren’t just limited to pilots and flying; they go much further. Increased
maintenance requirements resulting from inadequate funding, spare parts shortages,
manning shortages, skill and experience imbalances and the resulting turmoil from each
have impacted the enlisted aircraft maintenance community. Increased wbrkloads
brought upon by aging aircraft, parts shortages and under manning have fallen upon the
shoulders of the mid-level NCOs, composed primarily of second term and career 5- and
7-level technicians, resulting in many becoming frustrated and separating from the Air
Force (Figures 12 and 13). Not only does the Air Force lose highly experienced
technicians, it also loses highly skilled trainers since both 5- and 7-level technicians are
responsible for on-the-job training of 3-level technicians. With a reduced number of

trainers and an increased number of trainees that have replaced the technicians that
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separated, the need for supervision and training increases at the same time maintenance
and sortie production needs to be accomplished (Dahlman and Thaler, 2000). According
to Major General Morehead, in his units “Young aircraft maintainers stand around
waiting for training because there are too few supervisors to train them. Most mid- to
senior-level NCOs have been deployed” (Palmer, 1999). In most cases, there is no way
to get around this increased training need because units generally can only get
experienced technicians by training 3-levels. These conditions, lack of experience and
under manning, appear degrade the ability to generate sorties and conduct training

(Dahlman and Thaler, 2000).
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Figure 13. F-16 Maintenance Manning by Skill Level (Merry, 2000b)

While the costs associated with filling the holes left by departing service members
(pilots, maintainers and others), aircraft reliability and maintainability modifications and
the procurement of additional spare parts can be quantified, the intangible costs that
ripple across the Air Force generated by these conditions and the problems that brought
them about are almost impossible to measure. Reduced flexibility, decreased operational
support, the loss of leadership from experienced mid-term service members, poor morale
and increased family stress are only a few among maﬁy intangible costs associated with
the decreased readiness in the form of falling mission capable rates and increased
OPSTEMPO (Roos, 1998; Bird, 1997; DSB, 1994; Lamontagne, 2000). Representative
Spence recognized the price the Air Force and the other services were paying for their

readiness levels, stating that...
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“Doing more with less is the military’s new motto, but it is not a
sustainable strategy nor is it conducive to ensuring the long-term
preparedness of an all-volunteer force” (Williams, 1997).

From comments made by senior military and civilian leaders and the personnel in the
field, it appears the net effect of declining mission capable rates is that they affect many
areas and the costs associated with them, both tangible and intangible, are considerable,

having a significant impact upon the Air Force and its operations.

TNMCM Variables

The Total Not Mission Capable Maintenance (TNMCM) rate describes the
percentage of aircraft that are not mission capable (NMC) due to one or more
maintenance conditions. A grounding maintenance condition could be almost anything
ranging from the replacement of a leaking fuel cell to the completion of scheduled
maintenance or a Time Compliance Technical Order (TCTO). The amount of TNMCM
time (measured in hours) an aircraft accumulates is related to and influenced by many
different factors — some that are easily measured and some that are not. A study
conducted for HQ USAF/ILSY by Dynamics Research Corporation (DRC) identified
factors such as manning, skill levels, retention, increased inspections and modifications to
aging aircraft, break rates, cannibalizations, increased manhours, OPSTEMPO and
aircraft maintenance management policy changes as being related to TNMCM time
(Humphrey, 1999). Furthermore, a TNMCM study performed by the Air Force Logistics
Management Agency (AFLMA) identified many of the same factors (Bell, 2000b). Some
factors, such as cannibalizations, are related to both TNMCM (increased maintenance

time removing and installing parts) and TNMCS (inadequate spares driving increased
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cannibalizations) and will not be addressed in this section. The remaining factors
identified by DRC and AFLMA can be mostly grouped into three areas: personnel,
reliability and maintainability and aircraft maintenance management policies.

Personnel. Personnel are a key part of the readiness equation. There are many
factors to consider when addressing the relationship between personnel and TNMCM
rates (measured in hours). A review of the literature indicated that in the maintenance
arena, changes in manning levels, experience (skill level and rank), morale and retention
were related to changes in TNMCM rates. Some of these factors are easily quantified
(manning levels and number of NCOs) while others are not (maintenance experience and
morale). With respect to the quantifiable variables, several studies have indicated
manning levels in the enlisted maintenance career fields (2AXXX and 2WXXX) appear
to be negatively correlated to TNMCM hours (Dahlman and Thaler, 2000; Humphrey,
1999; Gauthier, 1998). As the number of personnel in these career fields decreased, the
number of TNMCM hours increased (Humphrey, 1999).

Not only does the number of personnel correlate to TNMCM rates, experience of
personnel (defined by their AFSC skill level or by their time-in service) also
demonstrates a similar relationship. DRC’s TNMCM study explored this relationship
and found that reductions in the number of 5- and 7-level technicians as well as a
reduction in the number of NCOs also exhibited a negative correlation with TNMCM
hours (Humphrey, 1999).

Reliability. Reliability is another variable that has a dramatic influence upon
TNMCM rates. Reliability is the probability that an item will perform its intended

function under stated conditions for either a specified interval or over its useful life
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(DAU, 1998). As cumulative operating time of a system increases, the probability of it
failing tends to increase. Reliability also decreases when the conditions under which the
system was designed to operate change (Bresnahan, 1998). In the Air Force, the average
aircraft is 20 years with 40 percent of the fleet 25 years or older (Figure 14.). Many of
these aircraft are have reached critical points in their life cycle (Matthews, 1998). For
example, many F-16s have reached 2400 hours of flying time, a critical point in their
8000-hour service life. As these aircraft age and their operating conditions change, the
reliability of their systems and components decreases and they start to break more often
and costs increase (Figure 15). More breaks require more maintenance actions be
performed to return aircraft to a mission capable status. In the case of the F-16,
operational usage has been more severe than design usage (8 times more), resulting in the
acceleration of its airframe service life at a rate in which it may not reach its expected

overall service life (Bouck, 2000; Paddock 2000).
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Figure 14. Aging Trends of Air Force Aircraft (Bailey, 2000).
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Aging Cost and Workload
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Figure 15. Cost and Impact of Aging Aircraft (Bailey, 2000).

In spite of increased operational usage, fighter aircraft breaks have increased only

slightly. However, break rates only account for pilot-reported discrepancies and

therefore cannot serve as the sole indicator of aircraft reliability. Other maintenance

problems discovered during routine and special inspections and while performing

maintenance are also part of the reliability issue. For example, AFLMA’s TNMCM

study found that the number of TNMCM hours attributed to phase maintenance

inspections increased 174 percent from 1995 to 1999 (Bell, 2000b). In ACC, fuel leaks
on F-16s, F-15 flight control delamination problems and cracked A-10 fuselage station
365 bulkheads, typically not pilot-reported discrepancies, are a few of the main TNMCM
reliability drivers for these types of aircraft in recent years (Merry, 2000b). Additionally,

high failure rates of numerous engine components for F-16 and F-15 aircraft discovered
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by both maintainers and pilots have accounted for a large part of the TNMCM time as
well (Humphrey, 1999; Bell, 2000b).

Declining reliability has also affected TNMCM time in another way. In an effort
to improve reliability, numerous new inspections and modifications have been initiated
and implemented. A great number of these new efforts manifest themselves in the form
of time compliance technical orders (TCTO) and special inspections. AFLMA’s study of
the F-16 block 42 aircraft revealed that the total number of manhours expended on
TCTOs increased 120 percent from FY95 to FY99 and the hours per TCTO event
increased 69 percent, indicating TCTOs are becoming more manpower intensive and
more technically challenging. The report also indicated that low manning and limited
numbers of experienced technicians contributed to the increase in manhours required to
complete them (Bell, 2000b). While these modifications and inspections are necessary to
maintain the long-term health of an aging Air Force fleet of aircraft, they will continue to
make up a substantial portion of TNMCM time.

Maintenance Management Policies. The management techniques employed in
and applied to aircraft maintenance can influence the amount of TNMCM time an aircraft
accumulates. At unit level, poor planning and poor use of resources might result in an
aircraft being NMC for longer periods of time than necessary. Furthermore, changes in
maintenance policy initiated at higher levels of command can also impact TNMCM rates.
While it is not possible to identify and quantify all of these changes, it is important to
identify that these changes could have an impact upon TNMCM rates. A few of the more

prominent changes are discussed below.
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One of the biggest changes in aircraft maintenance during the early 1990s was
the implementation of two-level maintenance. Two-level maintenance was designed to
eliminate the intermediate level of maintenance (wing level repair shops) in order to save
money and make units easier to deploy by reducing personnel and equipment. For the
most part, two-level maintenance achieved its goals of cost savings and reduction of the
logistics footprint saving $259 million and eliminating 4,430 personnel positions (Hallin,
1998). However, even with these successes, it has had an impact upon TNMCM rates.
When an aircraft is grounded because of a failed part and the unit cannot acquire a
replacement part from the supply system in time for the aircraft to fly its next scheduled
mission, the unit typically cannibalizes the replacement part from another aircraft.
Cannibalizing parts doubles the amount of time spent on maintenance and increases the
probability of damaging the part being cannibalized (Matthews, 1998). While the rate of
cannibalization varies depends on various factors and the increase in cannibalizations can
not be solely attributed to implementation of two-level maintenance, the overall rate of
cannibalization has increased by 78 percent since its inception in the early 1990s (Figure
16) (Ryan, 1999). Further compounding the problem were the different maintenance
priorities being applied by the operational wings and the depots. The main priority of the
operational wings was to acquire the proper parts to return broken aircraft to fully
mission capable status. The depots’ primary concern was to conduct repairs in a cost
effective manner. In many instances, this meant that the depot would delay repair
activities until enough parts accumulated so that it was cost effective to repair them

(Humphrey, 1999).
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Figure 16. Growth in NMC and Cannibalization Rates (Ryan, 1999)

Another maintenance policy change that occurred involved the area of
maintenance information reporting. Up until FY97, aircraft within ACC were returned to
mission capable status after all maintenance was complete, but before operational checks
had been completed on the aircraft. However, in FY97, ACC changed its policy,
requiring aircraft be returned to mission capable status after all maintenance and
operational checks were complete. This change led to an increase in the number of
TNMCM hours for its aircraft. According to a TNMCM study conducted at Hill AFB in
1997, operational checks account for five percent of the total TNMCM tirﬁe for their
aircraft (Bell, 2000b). While this represents a small amount of TNMCM time, it has been
identified as one of the contributing factors responsible for its increase.

In early 1990s, the Air Force initiated an organizational change that drastically

altered Air Force maintenance and may have influenced TNMCM rates. This change was
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the implementation of the objective wing structure that took place in most major
commands. The objective wing structure removed the day-to-day leadership and
oversight of flightline maintenance operations provided by each wing’s senior
maintenance officers and their staff and transferred that responsibility to the less
experiehced operations community and left the maintenance complex fragmented. While
the senior leadership in the operations community was perfectly capable of leading
maintenance operations, their increased area of responsibility — flying operations and now
flightline maintenance, as well as their lack of in-depth maintenance experience may
have led to less than optimal decisions being made concerning aircraft maintenance
(Ralston, 1995; Kinnan, 1995; Bernitt, 1995).

TNMCS Variables

The Total Not Mission Capable Supply (TNMCS) rate describes the percentage of
aircraft that are not mission capable (NMC) due to a lack of spare parts. A review of the
literature has revealed several factors that influence the amount of TNMCS time an
aircraft accumulates. Like the factors that influence TNMCM time, some of these factors
are easily measured while others are not. Regarding TNMCS, some its variables that are
easily quantifiable include the reliability of components and their demand, proper mix
and level of inventory, repair times for reparable assets and order and ship time. Other
factors, which are important, but not easily measured, are diminishing manufacturing
sources, material shortages and inventory forecasts (Hamm, 1999). Funding is also a key
variable related to TNMCS; however, since it affects TNMCM as well, it will be

discussed later.
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Reliability and Demand. Reliability affects TNMCS time through demand. The
more unreliable a component, the more often it fails. Failures necessitate that the
component either be repaired or replaced. While this does initiate maintenance actions
that result in the accumulation of TNMCM time, it also affects TNMCS time by placing a
demand on the supply system to provide a replacement part to return the aircraft to
mission capable status. If a part has been designed with sufficient reliability or its
reliability characteristics are well understood then the appropriate level of inventory can |
be procured or repair capacity/capability established to ensure that demands for the part
are satisfied in a timely manner that helps maximize aircraft operational availability and
reduce TNMCS time (Heizer and Render, 1999).

In the 1990s, the reliability of many aircraft components has declined. The
primary reason for the decline in reliability has been attributed to aircraft (and their
components) being operated outside of the set of conditions in which they were to be
operated. This condition pﬁmaﬂly manifests itself in the form of aging aircraft and
increased failures brought about by the increased OPSTEMPO of weapons systems
(Bailey, 2000). For many different reasons, Air Force aircraft that were designed for a
certain expectéd service life and certain operating conditions, are being operated beyond
them. This has resulted in many components prematurely failing that were not
anticipated to fail (Humphrey, 1999). In a 1998 article on aging aircraft by William
Matthews, Colonel Irving Halter, the 1** Fighter Wing Operations Group Commander

stated,
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In 1997 the wing sent sixteen F-15s to Saudi Arabia...and over the course
of 6 months they accumulated an average of 485 hours each...ordinarily it
would take an F-15 more than a year and a half to fly that much...we are
finding things breaking on the jets that we had not predicted...”
(Matthews, 1998)

Furthermore, since these failures were not anticipated, sufficient quantities of spares and
in some cases, adequate repair capability, were not established to support these items.
Consequently, delays in obtaining and/or repairing replacement parts occur while
replacements are sought or repair capability established. In some cases, the delay in
obtaining replacement parts grows even more due to the need to establish contractual
relationships to obtain replacement parts or repair capability (Sieg, 2000).

Level and Mix of Serviceable Inventory. Inventories are used to provide
organizations with increased flexibility in executing operations. It gives organizations a
buffer that allows them to better handle the variability they might encounter in demand,
production, price and transportation. When inventory levels are reduced problems that
were once hidden by inventory (poor reliability or excessive repair times) reveal
themselves, requiring management to take actions to correct them (Heizer and Render,
1999). The impact of inventory reduction programs driven by DoD policy decisions
depleted stocks of spare parts throughout the Air Force (Bosker, 2000; Peters, 2000). As
the inventory levels dropped in the Air Force, reliability and depot repair process
problems became more apparent resulting in even lower levels of serviceable inventory
that contributed to an escalation in TNMCS rates (GAO, 1999).

Repair Time. In the case of reparable items, the amount of time it takes a depot
to repair and return them to serviceable condition also affects TNMCS time. Under two-

level maintenance, most base-level repair capability was eliminated. Consequently, the
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majority of reparable parts are sent to depot repair facilities where they are either
condemned or repaired and returned to serviceable inventory stocks, making the TNMCS
time for operational units very dependent on the depots. Repair times vary among
components and repair facilities and are influenced by factors such as repair capacity,
funding, personnel levels and skill and policy decisions (Vanderman, 1998). One of the
major policy issues that affected depot production was the announcement of the closure
of two air logistics centers. According the Secretary Peters,

“Directly relevant to readiness were the closures of two of the five Air

Force maintenance depots...almost immediately upon announcement,

these closures created turmoil at our depots as skilled workers started to

leave the closing depots well in advance of the actual closure dates. The

most serious aircraft readiness problems...were caused by our inability to

move depot production lines on schedule and...our inability to hire skilled

manpower at the receiving depots...we are still hundreds of people short
at two of our depots.” (Peters, 2000).

Further illustrating the impact of repair times, a 1990 study conducted by HQ AFLC
found the amount of time it takes to repair an item at a depot is about 30 days (Porter et
al., 1990) and an F-16 Logistics Chain Management Study found that depot repair time
averaged 34.9 days for 10 critical F-16 avionics components (KPMG, 1998). Data
collected by Synergy, Inc., from the D041 system and a report by the General Accounting
Office indicate repair time at the depot is the lengthiest portion of the Air Force’s
reparable pipeline (Synergy, 1999; GAO, 1999).

Order and Ship Time. Another variable that influences TNMCS time is order
and ship time (OST). Order and ship time starts when the customer initiates an order
with a depot for a replacement for a failed part and ends to when it is received (Arostegui,

2000). Not only is OST highly dependent upon the availability of serviceable inventory,
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it is significantly affected by shipping and transportation factors. Data collected by
Synergy, Inc. showed that OST from the third quarter of FY98 to the second quarter of
FY99 was 7.4 days for 121, 516 transactions (Synergy, 1999) while an earlier assessment
by the Air Force Logistics Management Center suggested an average OST of 16.4 days
(Kettner and Wheatley, 1991). However, whén a serviceable part is not available, OST
could encompass the entire repair cycle time, making it possible for large variances to
occur. A study conducted by KPMG on 10 critical F-16 components found that OST for
these items averaged 37 days (KPMG, 1998).
Underlying Variables

Two primary underlying variables affecting mission capable rates are funding and
the environment. While neither can cause readiness, they can significantly affect it.
Funding provides the resources used to achieve readiness while the environment provides
the conditions that shape it. While the nature of each of these variables makes the degree
to which they affect readiness difficult to quantify, the literature indicates that virtually
all are in agreement that both are having an impact upon it.

Funding. Funding is the common denominator in the mission capable equation.
While funding cannot cause readiness, the amount of funding made available can have a
significant impact upon it. If there is no funding available, there will probably be no
people or equipment available either since there is a cost for having both. Furthermore,
properly allocating limited funds between competing needs also has to be achieved.
Fully funding spares purchases while under funding personnel could lead to situation
where the Air Force has plenty of spare parts with an insufficient numbers personnel to

install them on the aircraft (Sherbo, 1998). A study conducted by DRC found that in FY
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95 and FY 96 funding for the purchase of spare parts through AFMC’s material support
division was 58 percent and 74 percent respectively. According to the study this level of
funding had a huge negative impact upon mission capable rates. Furthermore, it
concluded that if funding for spare parts is even marginally less than the requirement the
result will be less aircraft availability. If inadequate funding exists or funds are not
properly allocated, mission capable rates can suffer (Sherbo, 1998; Humphrey, 1999).

While the relationship between funding and readiness may not always be obvious,
the literature indicates that reductions or improper allocation of funding can affect both
TNMCM and TNMCS and most of the factors that fall under each. Although clear
examples regarding the potential impact of reduced funding exist, lower procurement of
additional spare parts or manpower reductions, others are less apparent. For example,
diminished funding used to enhance the reliability and maintainability existing weapons
systems, maintain infrastructure or provide training have a more sub.tle impact that
stretches across time (DSB, 1994). Some of the literature identified lower levels spare
parts and modernization funding as contributing to reduced mission capable rates
(Humphrey, 1999; Sherbo, 1998; Bosker, 2000; Ryan, 2000 and Peters; 2000; Dahlman
and Thaler, 1999). Others have attributed lower operations and maintenance funding
coupled with increased competition for these limited funds (primarily unplanned
contingency operations) as another contributing factor. When the cost of contingency
operations is not fully paid for by planned budget or supplemental appropriations, the
remaining balance comes out of the operations and maintenance accounts as well as
others. Even the temporary shifting of funds in and out of the operations and

maintenance account can be disruptive by having a negative impact upon training and
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maintenance (DSB, 1994; Pulley, 1999; Humphrey, 1999; Thaler and Norton,). Figure
17 depicts how the Air Force’s total obligation authority (TOA) has related to mission

capable rates over time, appearing to support the literature.
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Figure 17. Total Obligation Authority versus MC Rates, 1965-1999 (Sieg, 2000)

Environment. The environment the DoD operates within also affects mission
capable rates. The end of the Cold War transformed a fairly stable defense environment
to a very dynamic one, causing numerous changes to occur, both internally and
externally, in the Department of Defense and the Air Force. The changes that took place
affected virtually every aspect of the Air Force from its structure and operations to its
funding and personnel. For the Air Force, substantial increases in the OPSTEMPO and
PERSTEMPO, the frequency and size of workload on both personnel and equipment,

resulted from the new defense environment. Since the early 1990s, the number of
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deployments and contingency operations has increased tremendously, driving up
OPSTEMPO and PERSTEMPO (Figure 18). According to a Rand study, the amount of
time devoted to MOOTW operations (in terms of flight hours) shot up from almost zero
at the end of the Cold War to take up over 10 percent of active duty Air Force flight
hours, placing unanticipated, heavy demands on support personnel and equipment (Figure

19) (Vick et al., 1997).
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Figure 18. PERSTEMPO of Selected Weapons Systems (Lamontagne, 2000)
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Increases in OPSTEMPO and PERSTEMPO have had a negative affect on both

equipment and personnel. It has forced both to work longer and harder. While the

literature indicates there is currently no sole measurement that captures OPSTEMPO
and/or PERSTEMPO in its entirety, it does outline their effects, many of which have

already been discussed and are measurable. Some of the effects can be seen as decreased

aircraft reliability and maintainability and spare part levels, increased maintenance

manhours and deployments and reduced retention and morale (DSB, 1994; Humphrey,

1999; and Williams, 1997). The impact of some of these effects can be seen in the

decline in monthly F-16 mission capable rates from 1990 — 1999 (Figure 20).
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Figure 20. F-16C/D Mission Capable Rates, 1990-1999 (Krueger, 1999)

| Coupled with reduced funding levels, the effects of OPSTEMPO and PERSTEMPO can
be magnified even more. Furthermore, it is expected that the effects of OPSTEMPO and

PERSTEMPO will continue to grow if they are not reduced (Bird, 1997; Maze, 1998).

Forecasting

Forecasting Defined. What is forecasting? Forecasting is the art and science of
predicting future events (Heizer and Render, 1999: 142). It is an integral part of the
decision-making activities of management. Typically, an organization will create goals

and try to predict the factors that have an effect on its attainment and then choose the
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actions that it anticipates will result in their accomplishment. The use of forecasting has
increased considerably as managers have stopped relying on chance and have started to
deal with the environment from a more scientific perspective. Because different
functions within an organization are usually related to one another, the effects of
forecasting affect the entire organization. Although there are other areas the use of
forecasting is critical to an organization, Makridakis et al. (1998: 5) lists the following
three areas in which forecasting plays a key role:

Scheduling: The efficient use of resources requires the scheduling of

production, transportation, cash, personnel and so on. Forecasts of the

level of demand for a product, material, labor, financing or service are an
essential input to such scheduling.

Acquiring resources: The lead time for acquiring raw materials, hiring
personnel or buying machinery and equipment can vary from a few days
to several years. Forecasting is used to determine future resource
requirements.

Determining resource requirements: All organizations must determine
what resources they want to have in the long term. These decisions
depend on market opportunities, environmental factors and the internal
development of financial, human, product and technological resources.
These determinations require good forecasts and managers who can
interpret the predictions and make appropriate decisions.

Forecasts are usually classified by the future time horizon each covers. Typically
the forecast time horizons fall into three categories. The first is short-range which
typically have time spans of up to one year, but are usually less than three months. Short-
range forecasts are used for planning many things including job scheduling, workforce
levels and production levels. Next, medium-range or intermediate forecasts, with time
spans ranging from 3 months to 3 years, are used for activities such as sales planning,

budgeting and production planning. Long-range forecasts, the last type, generally are
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used for periods of time longer than 3 years. They are typically used for new products,
capital expenditures and research and development (Makridakis et al., 1998).

Although similar in nature, Heizer and Render (1999) state that medium and long-
range forecasts are set apart from short-range forecasts by three characteristics. First,
medium and long-range forecasts deal with more wide-ranging issues and support
managerial decisions regarding planning and processes. Second, short term forecasting
generally uses different techniques than longer-term forecasting. Typically, the longer
the forecast period, the less quantitative the forecasting methodology employed. Finally,
short-range forecasts tend to be more accurate than longer-range forecasts because the
factors that shape forecasts change every day. As the forecast time horizon gets longer,
the more changes take place, which causes uncertainty to increase and affect forecast
accuracy (Heizer and Render, 1999).

Forecasting techniques fall into two major categories qualitative and quantitative
methods. Qualitative forecasting methods incorporate subjective factors, such as the
decision-maker’s presentiment, emotions, values and personal experiences, in making a
forecast and are typically used where little quantitative information is known but
sufficient qualitative knowledge exists (Makridakis et al., 1998). For example, the jury
of executive opinion, a qualitative forecasting technique, uses the opinions of groups of
high-level experts sometimes in conjunction with statistical tools, can be used to make a
group estimate of demand for a new technology. The Delphi method, another qualitative
technique, uses questionnaires to illicit responses (judgments) from a valued group of
individual experts to be used by decision-makers to arrive at a forecast (Heizer and

Render, 1999). Qualitative forecasting techniques can vary widely with regard to
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expense, intricacy and worth and are best employed in conjunction with quantitative
methods (Makridakis et al., 1998).

Quantitative forecasting techniques usually employ mathematical models that rely
on historical data to make forecasts. According to Makridakis et al. (1998: 9), the use
quantitative forecasting techniques requires three conditions:

Information about the past is available
The past information can be quantified in the form of numerical data

The assumption of continuity is present — some aspects of the past pattern
will continue into the future

There are a wide variety of quantitative forecasting techniques available with each having
its own properties accuracies and cost and fall into two categories: time series and
explanatory.

Time Series Forecasting Models. Times series forecasting models make
predictions on the assumption that the future is a function of the past. Unlike explanatory
models, time series models make no attempt to discover the factors that influence the
forecasts. This category of models uses a series of evenly spaced (monthly, quarterly
annually etc.) past data to detect past trends and project those trends into the future to
arrive at a forecast. Time series models include naive approaches, moving averages and

exponential smoothing methods (Heizer and Render, 1999 and Makridakis et al., 1998).

Naive forecasting approaches are the simplest of the time series forecasting
models. The Naive Forecast 1 (NF1) model uses the most recent information available
and uses it as its forecast. Another naive forecast, the Naive Forecast 2 (NF2), performs

in the same manner as the NF1 but goes beyond it by considering the possibility of
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seasonality in the past data. Naive approaches to forecasting are the most cost effective
and efficient forecasting models and provide a starting point at which more sophisticated

models can be compared (Makridakis et al., 1998).

Moving average models are another type of times series forecasting model. To
provide stable estimates, these models use a number of actual historical data values to
estimate the trend cycle by smoothing the past data of the averaged data used to make the
forecast. Increasing the number of periods being averaged can increase smoothing out
the fluctuations of historical data trends; however, this makes the model less responsive
to real changes in the data. When detectable trends or patterns are evident, historical data
used to generate forecasts can be weighted (weighted moving averages) in varying
degrees to emphasize the past historical data of one period (usually the more recent the
period the heavier the weight) over that of another and makes the model more responsive
to changes. Moving average models are simple to use and tend to provide accurate short-
term forecasts; however, they require an extensive amount of past data, and because they
use averages, these models forecasts will always stay within the levels of the past data

used to make the forecast (Heizer and Render, 1999 and Makridakis et al., 1998).

Exponential smoothing time series models are sophisticated moving average
models that are fairly simple to use and do not require an extensive amount of historic
data. These models use a smoothing constant between 0 and 1 that is selected by the
forecaster. The smoothing constant is a weighting factor that gives more or less emphasis
to the influence of the most recent historic data. Smoothing constants closer to 1 assign

more emphasis to recent historical data observations when generating forecasts. When
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smoothing constants are closer to 0, the emphasis on the most recent periods is removed
and is‘spread across many more periods of historic data. As with moving average
models, exponential smoothing models also have trouble responding to trends. They too
can be modified to incorporate trend and seasonality adjustment factors in second-order
exponential smoothing models and the Holt-Winters’ trend and seasonality method

(Heizer and Render, 1999 and Makridakis et al., 1998).

Explanatory Forecasting Models. Explanatory forecasting models are the other
type of forecasting models. These models assume that the variable being forecasted
displays an explanatory relationship with one or more independent variables.
Explanatory models are used to discover the form of the relationship between the
dependent and independent variable and use it to forecast future values of the dependent

variable (Makridakis et al., 1998). Explanatory models do not show cause and effect.

- For example, explanatory forecasting models can be used to forecast the height of an

individual using past height and weight data since the two variables demonstrate a
relationship with one another. However, weight does not cause height (or vice-versa);
the two variables only have a mathematical relationship that allows forecasts to be made

(White, 2000).

The most common explanatory forecasting model is a regression model.
Regression models are statistical forecasting tools that can be used to predict one
dependent variable (Y) using one or more explanatory or independent variables (X). Itis
commonly used in industry and science to predict and gain intuitive understanding of

future performance or events. Neter et al. (1996: 9) state, “regression analysis serves
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three major purposes: (1) description (2) control and ( 3) prediction.” 1t allows the
analyst to create a straight-line (or curvilinear) mathematical model to describe the
functional relationships between independent and dependent variables.

Forecasting Mission Capable Rates. In January 2000, General Ryan asked
“what are the main causes for increasing TNMCM rates over the last few years?” His
question and the recent concern over why Air Force readiness is decreasing are the
primary reasons as to why regression analysis was selected over time series methods as
the forecasting method to be used in this study. While time series methods might
produce accurate forecasts that is all they provide. Time series forecasts are based on
historical data and not on the explanatory variables, which might be able to be
manipulated to have an effect upon the dependent variable. Explanatory models, such as
regression, can be used with greater success for policy and decision-making (Makridakis
et al., 1998). Regression models not only provide a forecast — they also explain the
functional relationship between the dependent variable (in this analysis, mission capable
rates) and numerous independent variables. The use of regression analysis to explain and
forecast mission capable rates provides two critical pieces of information — a forecast that
allows for planning and potential reasons behind the forecast that can be manipulated to
help improve the next forecast (Makridakis et al., 1998).

In order to assess the impact of changes in its environment (including many of the
variables previously discussed) on its readiness, the Air Force uses a wide variety of tools
to forecast the mission capable rates of its aircraft. A review of the literature, along with
several interviews, revealed that the Air Force has over 30 models it uses to forecast

mission capable rates. Most of the models are tailored to forecast mission capable rates
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for specific aircraft and therefore cannot readily be used for other aircraft (Dierker,
2000).

Funding/Availability Multi-Method Allocator for Spares Model. One of the
Air Force’s primary forecasting tools is the Funding/Availability Multi-Method Allocator
for Spares (FAMMAS). Presently, Dynamics Research Corporation operates the model,
validating the current version of the model (3.0.1) in September 1996. It is used by the
Air Staff to predict mission capable for different weapons systems based primarily on
past, present and future annual spares funding profiles. FAMMAS also includes other
elements such as inflation, carry-over (policy decisions) and lead-time factors as well as
historical TNMCS and TNMCM rates as adjusting factors when computing its forecasts
(Figure 21). These data inputs come from the Unit Cost Document, Reliability and
Maintainability Information System (REMIS) and other reliable sources and are used in
an exponential smoothing algorithm to develop its mission capable forecast. FAMMAS
output data are primarily used in performing POM/Budget Assessments, Weapons
System Assessment Reviews and in the Sustainment Executive Management Report

process (DRC, 1997; Reynolds, 2000).
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Figure 21. FAMMAS Forecasting Model (DRC, 1997)

FAMMAS has proven to be a fairly accurate forecasting model. According to the
Defense Science Board Task force on Readiness, FAMMAS in conjunction with other
Air Force systems have predicted peacetime mission capable rates for each aircraft in the
inventory with an accuracy of +/- 2 percent over three years and +/- 5 percent forecasting
over six years (DSB, 1994). A comparison of FAMMAS’ forecasted mission capable
rates and actual rates for Air Combat Commands fighters provides a good illustration of

the model’s accuracy (Figure 22).
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Figure 22. FAMMAS’ Forecasts versus Actual MC Rates (Merry, 2000b)

Multi-Echelon Resource and Logistics Information Network. Another Air
Force system that can be used to forecast mission capable rates is the Multi-Echelon
Resource and Logistics Information Network (MERLIN). Although MERLIN is
primarily used by Air Staff to access and evaluate logistics data for almost all of its
aircraft, it also has the capability to forecast mission capable rates (DRC, 2000).
MERLIN uses multiple linear regression to generate forecasts. The independent
variables used in the model are possessed hours, flying hours and sorties (Reynolds,
1999). The latter variables, flying hours and sorties, cause the model to focus on the
failure rate of aircraft components (as a function of usage), which is an approach
supported by research conducted in this area (Sherbrooke, 1997; Slay and Sherbrooke,

1997).
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With these models, the Air Force can predict either TNMCS or TNMCM hours as
opposed to the actual rates. The following equations are used to forecast TNMCS and
TNMCM rates for the F-16 (Reynolds, 1999) (statistical printouts shown in Figures 31

and 32 in Appendix A):

F-16 TNMCS Hours = -832.911 — 0.364756*Flying Hrs + 0.117839*Possessed Hrs - 0.51937*Sorties
F-16 TNMCM Hours = 1736.96 — 7.09337*Flying Hrs + 0.204255*Possessed Hrs + 5.17764*Sorties

To arrive at the overall mission capable rate for a particular aircraft, both TNMCS and
TNMCM hours are divided by possessed hours of the aircraft being analyzed to obtain a
rate for each (expressed as a percentage). Both percentages are then subtracted from 100
percent to arrive at the mission capable rate for the aircraft. Although the model was
designed to generate accurate forecésts, its results tell a different story. For example,
from 1991-1999, the TNMCM model’s forecasts were very erratic and usually far below
the actual rates that occurred, possibly suggesting that other independent variables have
an influence upon the rates (Figure 33, Appendix A).

Overview of Next Chapter

Chapter III develops the methodology used in this study. First, data collection
and preparation is discussed, and data limitations and assumptions are presented. Next,
correlatjon analysis is used to select the independent variables for use in the construction
of the regression models. Finally, the statistical method used in the study, regression, is
reviewed. This discussion focuses on the benefits of regression as well as some of the

problems that can occur in using this method.
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II1. Methodology

Introduction

As shown in the literature review, mission capable rates are influenced by
numerous factors and the complex relationships among those factors. Changes in many
of the variables from each of the three areas previously discussed; for example, the level
of reparable parts (TNMCS) or changes in personnel levels (TNMCM); can have either a
positive or negative impact upon mission capable rates. Because of the wide assortment
and extent of factors that can affect mission capable rates, the Air Force has had a
difficult time identifying and understanding the root causes that drive its aircraft mission
capable rates. Although the Air Force does possess and use various models to forecast
mission capable rates, its primary models only provide time series forecasts and do not
provide explanatory forecasts which might be used to identify potential causal
relationships between mission capable rates and the variables thought to affect them
most. The intent of this chapter is to construct a methodology to analyze potential
relationships between a multitude of independent variables and mission capable rates.
After reviewing the literature on forecasting, it became evident that correlation and
regression analysis would be effective tools to use for this research.

Data, Sources and Variables

Since this study uses correlation and regression analysis, it requires an extensive
amount of data to provide a forecast (Fitzsimmons and Fitzsimmons, 1998). Data was

collected from several Air Force databases to provide the data points to be used in the
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analysis. Because of the multiple data sources used several assumptions are necessary
and limitations regarding the data need to be identified.

Assumptions and Limitations. The assumptions and limitations for this study

are as follows:

1. Data from the Reliability and Maintainability Information System (REMIS),
the Personnel Data System (PDS), the Air Combat Command (ACC)
Assessments Division (ACC/LGP) and the Recoverable Consumption Item
Requirements System (D041) are complete and accurate. Data are input into
each of these systems from thousands of users and therefore are more
susceptible to error. However, studies conducted for the Air Force by Rand,
Dynamics Research Corporation, KPMG and other organizations have
repeatedly used these systems as their data source, supporting their validity as
reliable data sources.

2. The 8-hour fix rate for Air Combat Command F-16 aircraft (1990-2000) is
representative for the entire fleet of Air Force F-16 aircraft. REMIS is not
able to easily compute the 8-hour fix rate for a particular mission design series
aircraft. Since ACC possesses the majority of F-16C/D aircraft in the Air
Force, its 8-hour fix rate data was used to represent the 8-hour fix rate for all
Air Force F-16C/D aircraft.

3. Data from D041 was only available in fiscal year quarterly format. This
limitation required that the data from the other systems be converted to a
fiscal year quarterly format, which reduced the total number of potential data

points from approximately one hundred to thirty-two.
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4. REMIS uses a single status reporting procedure to track TNMCM and

TNMCS conditions. Even though an aircraft may be Not Mission Capable for
a number of reasons, REMIS only credits a single work unit code (WUC) with
the downtime. Even if the aircraft breaks for a second, more significant WUC
fault, the aircraft still only accrues time against the first WUC it was broken
for (unless it is manually changed in REMIS). This limitation can result in a
sizeable amount of hidden or lost information, which could have an effect

upon the results of this study.

. The use of general WUCs, such as 23000, 11000 and 74000, is common in

recording TNMCM status when the aircraft initially breaks. These types of
WUCs are normally entered into the Core Automated Maintenance System
(CAMS) (which feed into REMIS) until the specific discrepancy can be
ascertained and the specific WUC for that discrepancy entered in place of the
general WUC. Unfortunately this does not always occurs and limits the

analysis of potential component level influences upon mission capable rates.

. Quarterly authorization data is representative of actual Air Force quarterly

authorization data. Historical authorization data was only available on a fiscal
year basis (fourth quarter of each fiscal year) from the Manpower Data
System. Computing the difference in authorizations between each fiscal year
and dividing it by four resulted in this study’s quarterly authorization data. If
authorizations between fiscal years increased, quarterly authorization numbers

incrementally increased each quarter by adding the difference divided by four
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to the end of year authorization data. If there was a decrease bet;veen
quarters, quarterly authorization data gradually declined each quarter.

. The AFSCs used from the FY90 — FY93 timeframe (45XXX, 46XXX and
405X) accurately translate to the AFSCs for the FY94 — FY00 timeframe. In
1993, the Air Force completely redesigned its airman and officer classification
systems, redesignating, combining, separating and deleting numerous AFSCs
to restructure the force. Air Combat Command career field functional
managers, Air Force instructions and the Air Force Personnel Center’s AFSC
historical files were consulted to ensure the same population of personnel in
the AFSCs for the FY90 — FY93 timeframe is the same as the population of
personnel in the AFSCs for the FY94 —FY00 timeframe. However, the
combining of certain AFSCs, such as electrical and environmental systems
and the division of other single AFSCs into multiple AFSCs may not allow for
an accurate count of all personnel providing support to the F-16 aircraft.

. The criteria for the awarding of AFSC skill levels have changed between 1990
and 2000. These changes are not accounted for in the analysis and skill levels
for the personnel in this analysis are assumed to accurately represent the
experience level of each individual.

. The number of personnel assigned to F-16 aircraft maintenance AFSCs does
not accurately represent the number of personnel who perform on- and off-
equipment maintenance. Typically, between 15 and 25 percent of the
maintenance personnel assigned to an F-16 fighter wing fill support staff

functions such as support section personnel, production superintendents,
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expeditors, quality assurance, and logistics/squadron commander staff
functions among many others. Furthermore, enlisted personnel assigned to
these AFSCs that work in MAJCOMSs, Numbered Air Forces and other
management and policy organizations are also included in the personnel data.
The inclusion of these personnel in the data for the analysis masks the true
relationship of mission capable rates and personnel as it pertains to the
performance of aircraft maintenance and should be considered a limitation of
the analysis.
Reliability and Maintainability Information System (REMIS). After
reviewing the literature and speaking with experts in the field, it became apparent that the

data for this study that pertain to aircraft should come from REMIS (Merry, 2000a;

Reynolds, 2000; Bell, 2000b). REMIS is the Air Force’s central database for Air Force

equipment that provides near-real time on-line data for tracked aircraft and equipment to
DoD, Air Force and MAJCOM staffs. The system interfaces with a multitude of other
DoD and contractor systems; however, the majority of Air Force aircraft and engine data
are transferred into REMIS from the Core Automated Maintenance System or the

Comprehensive Engine Management System (Figure 26).
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Figure 23. REMIS Interfacing Systems (Cox, 1999)

REMIS is divided into three functional areas that contain specific types of data.
The following captions provide a short description of each REMIS subsystem:

Equipment Inventory, Multiple Status, Utilization Reporting Subsystem

(EIMSURS) - provides worldwide inventory tracking; equipment status (MC,
TNMCM and TNMCS rates, etc.) and equipment utilization (flying hours,
landings, sorties etc.) data.

Product Performance Subsystem (PPS) — Provides on and off equipment

maintenance and repair data as well as support general maintenance data (generic
maintenance actions — inspections, refueling etc.).

Generic Configuration Status Accounting Subsystem (GCSAS) — Provides and

allows for configuration data to be input or obtained from the database. It also
allows for the input of TCTO data into the system.

The literature review revealed numerous variables that could potentially be related to
mission capable rates. For this analysis, data (status, utilization and on/off equipment

maintenance and repair) for each work unit code (WUC), a 5-digit alphanumeric code

71




that identifies individual aircraft components and systems, were only extracted from the
EIMSURS and PPS subsystems of REMIS. The data request was submitted to the

REMIS program office at https://www.wpafb.af.mil/organizations/MSG/. Appendix B

lists and defines the data variables extracted from the EIMSURS and PPS subsystems and
Appendix C lists the queries used to extracf the data.

REMIS data could not be extracted in a quarterly format so the data had to be
retrieved by in monthly increments. The data output was converted from text files into
Microsoft Excel® files by repeatedly cutting and pasting the monthly data and grouping it
into quarterly increments. Next, a combined master list of over 7,000 F-16C/D work unit
codes (also retrieved from REMIS) was used to combine the monthly data for each
category’s work unit code data into quarterly totals through a series of Microsoft Excel®
SUMIF algorithms (Appendix D, Figure 34). This resulted in each REMIS variable
haviﬂg its data disaggregated to the 5-digit work unit code level for each quarter. A
partial list of F-16 work unit codes can be found in Appendix F.

Once the data was transformed into a quarterly format, a wide variety of new data
variables were created so a more in-depth analysis could be performed. It was believed
that the new variables would provide greater insight into how REMIS data and specific
work unit codes impact mission capable rates. Of particular note are the weighted
variables that were developed. Through the use of simple weighting and ranking
algorithms, a final ranked-ordered list of work unit codes was developed for each variable
(manhours expended, TNMCM hours, supply reliability etc.) based on the total amount
of hours each work unit code contributed each quarter over the entire 8 year period of the

analysis. From those ranked-ordered lists, data pertaining to the top 50 work unit codes
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were used in the analysis to determine how each variable’s top 50 ranked work unit code
dataset was related to mission capable rates. It was believed that analyzing the REMIS
data in this manner would better focus the analysis on specific groups of work unit codes
(different groups for different REMIS variables) and their relationship to mission capable
rates. Appendix B (Table 14) lists the new variables created from the REMIS data while
the tables contained in Appendix E list the rank-ordered weighted top 50 work unit codes
for each REMIS variable. The tables in Appendix E also list the totals for each of the
weighted top 50 work unit codes for the entire 8-year period as well as their percent of
the total for each category (Tables 15-28).

Recoverable Consumption Item Requirements System (D041). To determine
how inventory and supply pipeline factors influence F-16 mission capable rates, data on
these factors (specifically for the F-16) had to be obtained for analysis. The literature
review, in addition to interviews with subject matter experts, indicated the best source of
data for these types of variables would be the Recoverable Consumption Item
Requirements System (D041) (Hutson, 1999; Morgan, 2000).

The D041 system is a wholesale level supply management system that is used to
compute reparable and consumable (consumables since 31 December 1998) spare parts
requirements by national stock number (NSN) for all customers worldwide on an
aggregate basis. The system collects a wide variety of data from a multitude of different
systems on reparable items such as failures, lead times, repair times at base and depot
levels of maintenance, excess inventory etc (Figure 24). D041 operates on a quarterly
basis so that it coincides with Stock Balance and Consumption Reports, which are posted

on the last day of each fiscal quarter (AFMCMAN 23-1, 1997:16-17).
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Figure 24. D041 Interfacing Systems

In order to obtain data on F-16 reparable items, a software program was
developed using SAS®to isolate and extract F-16C/D-specific NSN data (Appendix I).
The baseline set of NSNs used to isolate the data was a listing of all F-16C/D reparable
items currently installed on the aircraft (in 2000). This set of F-16 NSNs (7,377 total)
served as thé total population of NSNs to be used in the analysis. Data on these NSNs
was retrieved from D041 for the years FY89-FY00. Unfortunately, missing data and
corrupt files only allowed for data from FY92-FY0O0 to be used in the overall mission
capable analysis. Data output from the program was in text format and was subsequently
copied into Microsoft Excel®for data manipulation. Unlike the data process used with
REMIS, data from D041 were already in a quarterly format and required no further data

manipulation. Appendix G lists the data variables extracted from D041 and Appendix H
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lists the D041 derived data variables (similar to the derived REMIS data variables) that
the literature review indicated could influence mission capable rates.

Personnel Data System (PDS). Throughout the literature review, personnel
issues were repeatedly cited as major influences upon mission capable rates. At Air
Combat Command’s November 2000 Wing Commander’s Senior Leaders Maintenance
Course, newly assigned wing commanders received briefings on the impacts that
maintenance personnel end strength, experience levels and retention have upon mission
capable rates (Sherman, 2000). In order to assess the influence of these factors upon F-
16 mission capable rates, a request for data was submitted to the Air force Personnel
Center’s Data Retrieval Section (HQ AFPC/DPSART), which obtained the personnel
data from AFPC’s Personnel Data System needed for this research.

The Personnel Data System is an integrated personnel data system that collects,
stores, processes and communicates personnel data. Personnel data stored at AFPC
primarily enter the PDS from base-level military personnel flights, but also can come
from MAJCOMs .and Air Staff personnel managers. The system provides worldwide
support personnel managers for planning, programming and managing Air Force active
duty military, civilian, Air National Guard and Air Force Reserve personnel. The PDS
maintains current data and historical personnel data which is used to compute future Air
Force programs, controlling personnel procurement, training, budgeting and funding, and
to measure the effectiveness of management policies and programs (AFM 30-3,
1994:22.1-26).

As with the D041 database, data retrieval programs were created to facilitate the
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